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Introduction
In 1976, Gough and Woelkerling described a technique for collecting "Aufwuchs" or assemblages of epiphytic algae and applied it to compare the epiphyton of several substrate plants. They showed that species abundances differ for algae that live on different maerophytes collected from different bog types. Other workers have analyzed the algal community on Sphagnum but few of these studies have been quantitative. Compere (1966) , for example, found differences in the algal community on Sphagnum which were related to moisture conditions, but gave no details on how the algae were collected, the numbers of algae, what constitutes a significantly different community, or how moisture conditions were measured. Perhaps the most interesting recent work with the algal community on Sphagnum, however, has been done by Basilier and Granhall (1978) and Granhall and Selander (1973) and concerns nitrogenfixing algae. Generally, where blue-green, heterocystous epiphytes or endophytes occur on Sphagnum, nitrogen fixation by the algae is significant and potentially important to nutrient-poor bogs, though recently Basilier (1979) questioned the significance of algal fixation in temperate poor fen habitats, Basilier and Granhall (1978) have stressed the need for "the development of a practical method for quantifying algal colonization on the mosses,"
It is unfortunate that the quantitative techniques of Gough and Woelkerling have not been more widely applied because the algal populations on Sphagnum arc comparatively stable and are not subject to rates of sinking, water movement, and predation which may completely change a planktonic algal population overnight. In addition, the chemical and physical nature of the community can be manipulated and changes in the algae can be detected in weeks. These features make the community ideal for experimental ecology.
Another unresolved question in these studies concerns scale, or the minimum area over which differences in the algal populations can be detected, Woelkerling (1976) discusses the algal community of Sphagnum as if the whole bog were a homogenous entity. Other workers recognized microsites within bogs. These microsites may relate to drainage and bog micro-relief (Granhall and Selander 1973, Flensburg and Sparling 1973) or species of Sphagnum (Compere 1966), but unfortunately none of these workers quantify changes in the algal populations, discuss the ecological parameters of these algae, or discuss the scale over which the algae in these microsites may differ. These issues must be addressed before one can define and start to understand the dynamics of algal communities on Sphagnum.
In this study I have systematically applied the quantitative techniques of Gough and Woelkerling (1976) to plots on a bog mat edge. I looked at small areas and, using measurements of the distribution, abundance, and diversity of algae, attempted to determine whether these areas were substrates for discrete algal communities.
Materials and methods
Observations were made at North Gate Bog, a small kettlehole acid bog in Gogebic County, Michigan described by Montroy (1973) and Koenings (1976) . Plots were laid out within a small (15 m^) area of the mat edge approximately 1.5 m from the open water of the bog lake. In 1978, 14 plots, 0.5 x 0.5 m, were used. In 1979, 18 triangular plots, 25 cm on a side were laid out. Observations presented in this paper concern 1979 data from six of these plots. The other plots were used for experiments beyond the scope of this paper. The triangular plots were of two types which I will refer to as "Low" plots and "High" plots. Low plots were situated on spots where there was water visible between the moss plants. The measured average depth from the top of the tallest moss to the water table on 5 July was 4 cm. These plots were dominated by Sphagnum cuspidatum and Sphagnum recurvum. Low plots were an average of 15 cm closer to the edge of the pond than were the high plots. The high plots were dominated by Sphagnum recurvum and Sphagnum magellanicum. There was no visible water on these plots over the course of the summer. The measured average distance from the tallest moss to the water table on 5 July was 7.5 cm.
At the end of May, all plots received 250 ml of mixed bog water. This water was obtained from the bog pond, from mat water, and from moss squeezings from several species of Sphagnum from several places in the bog. The algae in this water, while numerically insignificant relative to the numbers of cells indigenous to the plots, insured that the absence of a species from a given plot was probably not attributable to the absence of parent cells. Two of the high plots were sprayed with 250 ml of distilled water every three days throughout the entire summer. These will be referred to as "watered plots". These plots were sprayed with distilled water to test what effect increased moisture might have on the algal community of the high plots.
During June, July, and August of 1978 and 1979, algae were collected monthly and sampled using the technique described in Gough and Woelkerling (1976) . This procedure consisted of placing the substrate (Sphagnum) in a jar, covering it with washing solution, shaking the jar vigorously, and decanting the algae through cheesecloth. The Washing procedure was repeated, the volume of the washing solution recorded, and the algae counted in well-mixed subsamples of this solution. Finally, the original Sphagnum sample was dried, and the number of cells was adjusted for solution volume and dry weight of the substrate. All numbers of algal cells will be expressed as cells per milligram dry weight oi Sphagnum. The only deviation from the procedure of Gough and Woelkerling was the use of water rather than FAA as a washing solution. I preferred to examine the algae alive and found in a comparative test that there was no significant difference in the numbers of algae removed by these two solutions. Algae were identified with the aid of Prescott (1962 ), Bourrelly (1966 ), and Compere (1966 .
Water samples were collected from the plots on the same dates that algae were sampled. Water was collected and filtered in the field using an Antlia Pneumatic Hand Pump (Schleicher and Schuell, Inc., Keene, New Hampshire 03431) fitted with glass microfiber paper (GF/F, Whatman Ltd., England). Water was pre-filtered by a coarse nylon mesh screen over the end of the collection tubing. The standing water from the low plots was readily drawn up from several spots on the plots. On the high plots, the mosses were parted slightly and the end of the collection tubing pressed down until water could be drawn. Several spots were sampled on these plots also.
Water samples were analyzed for three important algal nutrients: ammonium, phosphate, and silicate. All analyses followed methods in Strickland and Parsons (1972) . Ammonium was determined by the phenol-hypochlorite method of Solorzano (1969) . Ortho-phosphate was measured using the acid molybdate method of Murphy and Riley (1962) . Reactive silicate analysis followed Strickland and Parsons' modification of the Mullin and Riley (1955) technique. Chemical analyses were started within two hours of field filtration.
In addition to algal observations at North Gate Bog, I looked at vertical zonation of algae on a uniform lawn of Sphagnum recurvum from an adjacent closed bog. By 'closed bog' I refer to a bog with no expanse of open water, or an entirely closed mat. For these experiments I collected some moss from a 1-m^ area. 1 divided the plants into three samples and then, with scissors, snipped each sample into three portions: capitula (terminal branch clusters), the top 2.5 cm just below the capitula, and bottom portions. Bottom segments were an average of 10 cm in length. These divisions were chosen because they reflected distinctive natural partitions of the Sphagnum plants. The top 2.5 cm segments in the area grew vertically while the bottom portions were horizontal, covered by the vertical portions of neighboring plants. Algae were removed and sampled as described above.
Results

Diversity
Diversity was measured by two parameters: S, the number of species; and H', the Shannon-Wiener diversity index, defined in Tab. 1. The numbers of species present on the two plot types are shown in Tab. 1. The average number of species for low plots over the course of the summer was 25.5, while high plots averaged only 17.4 species. One cannot assume that there is a normal distribution of the number of species on plots; therefore I used a non-parametric Wilcoxon Rank Sum Test (Siegel 1956 ) for a comparison of the difference between low and high plots, and found it significant at the 0.01-level.
The Shannon-Wiener Index (H') combines the number of species with the equitability of the numbers of cells in each species. A community with high diversity has many species and little numerical dominance by any species. The maximum value for H' is Iog2 S-max where S-max is the total number of species. Based on all 1978 observations, in which 72 species were counted, the maximum possible H' would be 6.21 bits.
As shown in Tab. 1, low plots had higher average values for H'. A Wilcoxon Rank Sum Test of the significance of this difference shows that it is significant at the 0.05-level. The equitability component of the Index was somewhat greater for low plots, but this difference was not statistically significant.
While I found that the diversity of algae was significantly greater on low plots, this finding must be taken with a grain of salt. Several authors have pointed out that diversity may be related to sample size (Kaesler et al. 1978) and this applies to my data. Low plot substrates had more algae per unit area and, in an attempt to equalize algal density on the counting slide, less moss and more washing water was used for low plot substrates. In spite of these precautions, the average number of cells observed for low plots was 367, while an average of 195 cells were examined for the high plots. Diversity of algae (both S and H') shows a correlation with both total algae per gram dry weight Sphagnum and numbers of cells observed, as is shown by a Spearman Rank correlation coefficient (Siegel 1956 ) of 0.55 for cells observed and H', and 0.62 for algae per gram dry weight and H'. Some of this correlation is attributable to the differences in sample size, but there also appears to be a real association between algal density and diversity in these microhabitats.
Total numbers of algae
In addition to having greater species diversity, low plots had an average of 2.5 times as many total algal cells as high plots. This is shown in Tab. 2. If the data are log-normalized, the difference in total algae between low and high plots is significant at the 0.025-level.
The high plots that received distilled water are not different from the unsprayed high plots in average total number of algae although the variance was significantly lower on the watered plots. These plots were similar also in diversity (S = 19.2 ± 5.0 for watered plots; S = 15.8 ± 9.4 for unwatered plots) and the abundance of many species and species groups. For this reason the watered and unwatered high plots are considered together in all other analyses.
Abundances of species and species groups
Figs 1 and 2 show the monthly average abundances of some of the algae commonly occurring on the plots. As would be expected for the organisms in two different microhabitats, the algae growing on the two plot types showed several distribution patterns. Some algae were abundant on both plot types, while some occurred predominantly on either low or high plots.
Cylindrocystis brebisonii, a desmid, was the most abundant species of algae. It was common throughout the summer and was present on both plot types. While it was somewhat more common on tbe low plots, the difference in abundance was not significant, Tabellaria fenestrata, a diatom, was somewhat more abundant on bigh plots tban on low plots, but again tbis difference was not significant. Tabellaria declined steadily over the ocourse of the summer on botb plot types. This diatom is more commonly found as an epiphyte on branches or objects tbat project out into tbe open water of ponds than on tbe semiaquatic surface of
Sphagnum plants,
Euglena mutabilis was virtually identical in abundance on both plot types, but like Tabellaria was never a dominant species in these natural communities,
Chroococcus turgidus was very abundant on tbe low plots throughout the summer, but was significantly less abundant on tbe bigh plots, "Otber Desmids" includes all species of desmids otber than Cylindrocystis. Like Chroococcus, tbe desmids are significantly more abundant on tbe low plots during all montbs of tbe summer, "Otber Diatoms" includes all diatoms except Tabellaria. As sbown in Fig. 2 , these algae are more abundant on low plots tban on bigb plots. However, some of tbe diatoms (especially a small species of Frustulia) sbow a marked clumped distribution tbat confers high variance to tbe data, Gloeodinium montanum is an encysted dinoflagellate. This alga is vertually never found on tbe low plots, but is common on the bigb plots.
By August, 14 species were found only on low plots. Four species were found exclusively on bigb plots. Twenty species were present on botb plot types, but of tbese, six species bad mucb larger populations on one plot type tban on the otber.
Nutrients
Low plots bad lower concentrations of all nutrients measured at all times. This is shown in Tab, 3, Analysis of variance (Remington and Sbork 1970) reveals tbat tbe differences in silicate between tbe low and bigh plots are significant at tbe 0,025-level.
An argument can be made for tbe exclusion of a couple values from tbe nutrient data collected in July. On tbe sampling day tbere were signs tbat deer bad been on and around tbe plots, and two plots sbowed extraordinarily higb levels of pbosphate and ammonia, witb no silicate increases, Tbese two plots, one a bigh plot and one a low plot, bad concentrations of ammonia 3.4 and 4,5 times higber tban tbe averages for tbeir respective plot types. Tbe bigb plot had a phosphate concentration 6,2 times tbe average for bigb plot pbosphate, while the low plot bad a concentration twice as higb as average, Tbe variance introduced into tbe data by tbese two July measurements overwhelms tbe significance of the differences in pbospbate' and ammonia levels on tbe low and bigh plots. If these four values are excluded, however, analysis of variance reveals that the nutrient differences between low and bigb plots are bighly significant (p < 0.005), Tab, 3, Concentrations of nutrients in mat interstitial water r'). See Methods for explanation of plot types. 
Vertical distribution of algae
The total algae collected on capitula, upper 2.5-cm and bottom portions of Sphagnum recurvum from an adjacent bog showed no significant differences between June and July when they were sampled. Similarly, there are no highly significant differences in the total number of cells for the different segment types. If the data are normalized by a log transformation, however, the upper 2.5-cm portions are slightly significantly higher in total algal abundance than the capitula and lower portions. There are more significant differences, however, if we look at single species and species groups. Five representative species or groups are shown in Fig. 3 . With the exception of blue-green species, most algae decrease in abundance from June to July. The extreme of this trend was exhibited by Gloeodinium montanum which was entirely absent in July from all moss segments. Several species showed differential reductions in the numbers of cells in the different moss layers. Cylindrocystis brebisonii, the most abundant alga, decreased in cell numbers more in the upper two layers than in the lower portions of the moss. Euglena mutabilis decreased 42% from the top 2.5-cm layer where it was most common in June; however, these motile algae actually increased and became most abundant in the bottom portions in July, suggesting they may have actually migrated to the moister location. Compere (1966) also suggests flagellated algae use their motility to escape periodic droughts.
As is shown in Fig. 3 , capitula had fewer blue-green algae, as exemplified by Anabaena minutissima, than did the lower sections of the moss. This was also noted by Basilier and Granhall (1978) .
In general, the algae in the closed bog were less abundant, less diverse and more like the "high plot" rather than the "low plot" algae in North Gate Bog.
Discussion
The large plots constructed on the mat edge of North Gate Bog in 1978 were laid out in a way that I hoped would minimize variations in conditions like light, temperature, moisture, and moss density. Close examination revealed however that the algal community on these plots was not homogeneous and some plots had lower, wetter areas on ends nearest the open water of the bog lake. Thus, in 1979 I laid out two types of plots so that I could test the null hypothesis that there was no difference in the algal community on low and high plots. The plots differed by only a few centimeters in height above the water table and proximity to the open water, and were similar in most other respects, and so the null hypothesis was reasonable.
However, monthly algal counts forced me to reject this null hypothesis. The low plots had significantly more algal epiphytes on the Sphagnum plants. In addition, the algae were more diverse on the low plots, using either numbers of species or the Shannon-Wiener Diversity Index as a measure of diversity.
Of the two measures of diversity, S, the number of species, seems to serve as well as H', the Shannon-Wiener Index. Because S is a factor of H', the two measures are correlated. For data from my plots, H' was always more strongly correlated with S than with J, the evenness component of H'. Thus this algal community contrasts with the plankton communities of Sager and Hasler (1969) where H' was more strongly correlated with J. Also, S correlated more strongly with the number of cells observed than did H'. In addition to supporting the greater utility of S over H', this relationship suggests that some of the difference in diversity between low and high plots may in part be due to differences in the number of cells observed for low and high plots.
The varying patterns of distribution of species and species groups also support the idea that low and high plots difffered. The patterns certainly suggest the algal community is different. By August, most species showed significant differences in the sizes of populations on the two plot types. The most common alga, Cylindrocystis brebisonii, however, appears to be a generalist and was abundant on both plot types. The high plots were especially depauperate in Chroococcus turgidus and desmids. My data indirectly support the findings of Woelkerling (1976) who found greater desmid abundance and diversity in bogs with some open water rather than in bogs with entirely closed mats. The observations I made on an adjacent closed bog revealed that the algae there were more similar to high plot algae.
Given the varying patterns of algal abundance on these two plot types, we might next want to discover which abiotic and biotic factors most strongly affect the algal populations and distinguish the two plot types.
The analysis of the vertical distribution of algae suggests that moisture conditions might be important since some algae moved to or did not decrease as much in the moist lower layers of moss in July as the closed bog dried out. But simply increasing the moisture on some high plots in the open bog did not significantly change the average numbers of algae present, although over the course of the summer these plots received better than 10 cm more water than the other high plots. The average precipitation for the area during June, July, and August is 31,5 cm (Mich, Dept, of Agriculture 1971), Watering did not increase the average number of algae on the high plots, but the treatment did lower the variance in this number, and did slightly increase the number of species present. While these effects are minor relative to the natural differences between low and high plots, one may conclude that such changes in water availability may have subtle effects on the behavior and growth of individual species.
The low and high plots also difffered in the quality of the water most immediately available. The concentrations of three dissolved nutrients were all higher on high plots. This difference raises more questions. The low nutrient concentrations on the low plots are most likely a result rather than a cause of high algal productivity, but other factors, such as moss nutrient uptake and cation exchange capacity, as well as the nutrient inputs to these two areas must also play a part. The finding of lower concentrations of phosphate where there are greater numbers of algae seems to contradict observations of Basilier (1979) and Basilier and Granhall (1978) who found greater rates of algal nitrogen fixation and approximate algal abundance in minerotrophic mire habitats where total phosphorous is in higher concentration. The studies are not directly comparable, however, as I measured total algal abundance rather than just blue-green algae, and as I only measured dissolved inorganic phosphate, rather than total phosphorus. In addition, Basilier (1979) did not collect the water for phosphorus analysis at the same time as the other measurements were made. Given the differences in these reports, however, and the finding by Lehman (1979) that algal populations may quickly and dynamically alter the nutrient concentrations in a lake, closer study of the nutrient-algal relationships in the bog mat would be desirable, I am now analyzing data from plots that were artificially enriched with nitrogen, phosphate and other nutrients. These data may elucidate whether dissolved nutrients are a key to the algal community on Sphagnum, or whether other factors such as species of Sphagnum, algal dispersal, predation, or the abundance of nitrogen-fixing algae are more important. Solorzano, L, 1969 
